In this paper we consider the solutions of micropolar fluid equations in space dimension two with periodic boundary condition. We show that the strong solutions are analytic in time with values in an appropriate Gevrey class of function, provided that external forces and moments are time-independent and are in a Gevrey class.
Introduction
In this article we consider the micropolar fluid equations, which in space dimension two have form (cf. e.g. [11] 
where u = (u 1 , u 2 ) is the velocity field, p is the pressure and ω is the microrotation field interpreted as the angular velocity of particles. In the two-dimensional case we assume that the axis of rotation of particles is perpendicular to the x 1 , x 2 plane. The external forces f = ( f 1 , f 2 ) and moments g are given. The positive constants ν, ν r and α represent viscosity coefficients. Moreover
rot ω = ∂ω ∂x 2 , − ∂ω ∂x 1 .
We supplement Eqs. (1) with initial condition
ω(x, 0) = ω 0 (x) (2) and periodic boundary conditions u(x + Le i , t) = u(x, t),
where e 1 , e 2 is the usual basis of R 2 and L is the period in the ith direction. We assume that u, ω, f and g are periodic in each direction with period L; we denote Q = (0, L) 2 . For simplicity we assume that the average values of functions u, ω, f and g is zero:
From a priori estimates derived in [12] it follows that the system of micropolar fluid equations possesses a strong solution i.e. The notation used in the above theorem will be introduced in the next section. In this paper we show time analyticity and Gevrey class regularity in the space variable of strong solution of Eqs. (1) . We follow the method used by Foias and Temam in [3] .
Notations and main result
For every Banach space X we will denote by X the space X × X with a standard product norm. 
By H and V we denote the divergence-free subsets ofḢ
per (Q ), respectively. We equip V with the scalar product and the Hilbert norm
This norm is equivalent to that induced by H We define the operators A (the Stokes operator) and A 1 on H andḢ 0 per , respectively, as follows: 
The Galerkin projectors corresponding to the first m modes are:
Moreover forū = (u, ω) we define
We define the trilinear forms b and b 1 as follows
for all u, v, w ∈ V , and
for all u ∈ V and all scalar functions ω, ψ ∈Ḣ (we will write B(u) instead of B(u, u) for short) and
The operators B and R are defined by
In order to extend the solutions of the micropolar fluid equations to complex times, we have to complexify the function spaces H, V , etc. The elements of complex equivalent of real space are of the form u = u 1 + iu 2 , where u 1 and u 2 belong to the corresponding real space and i is the imaginary unit. The complexified spaces are denoted by adding the subscript C e.g. H C is the complexified H . The inner product in H C takes the form
and similarly for other spaces. The operators are extended to the complexified spaces, they take form e.g.
and analogously for other operators.
perC are still bilinear. Now we can write Eqs. (1) in a functional form
Using the Fourier series expansions of velocity and rotation of fluid (6) where 
We refer the reader interested how expansions (4) and (6) are connected to [13] .
where
We endow the space D(e τ A 1/2 ) with a scalar product
τ . We introduce the norm and the scalar product in D(e τ A 
We endow the space D( A 1/2 e τ A 1/2 ) with a scalar product 
The proof for B 1 is similar to that for B.
Proof. In order to obtain analyticity in time we complexify our equations. The proof is composed of five steps including: a priori estimates, basis of Galerkin approximation, showing that Galerkin approximations are analytic and passing to the limit.
For simplicity of notation we will denote the complex operators and spaces as their real equivalents. Eqs. (5) are rewritten
where ζ = se iθ , s > 0 and cos θ > 0 (thus Re ζ > 0).
Step 1 (a priori estimates). The a priori estimates we derive formally can be obtained in a rigorous way for Galerkin approximations. Let ϕ(t) = min(t, σ 1 ). We will use in the course of proof the fact that 0 < cos θ 1. We take the scalar product of (7a) 
We majorize every term in the RHS of (9) using the Cauchy-Schwartz inequality. 
We estimate the linear terms in the RHS of (11) 
Adding (10) and (12) 
This shows that even ifū(0) belongs only to V,ū(se
Step 2 (Galerkin approximation). Notice that the operator A possesses an orthonormal family of eigenfunctionsw 1 ,w 2 , . . .
We consider the following complex differential system in the space W m = span{w 1 , . . . ,w m } spanned by the first m eigenvectors of the A:
where P m : H C → W m is the orthogonal projection and G = ( f , g) as in the statement of Theorem 2. The Galerkin approximation (18) has an analytic solution in a complex neighborhood of the complex origin, because it is a complex system of ODEs with polynomial nonlinearity (Theorem 13.4.1 in [7] ). By estimate (16)
Step 3 (proof of (ii)). Denote τ = ϕ(T 1 / √ 2). Since the norm of solution is bounded in V for every t > 0, we can repeat the above argument (Eqs. (16) 
Hence we have
for ζ in the set
Notice, that (M 2 ) is the domain of analyticity of everyū m (ζ ) (ū m are analytic as solutions of a finite-dimensional system of ODEs with polynomial nonlinearity and they exist in (M 2 ) because of a priori estimates). Denotẽ
Therefore for any set K ⊂⊂ (M 2 ) we have
Let us return to Eq. (18). Since
We estimate the RHS of the above inequality by using Lemma 1, the Young and the Poincaré inequalities
Inserting above estimate into (20) we obtain
which implies thatũ m is analytic function with values in D(A) (cf. e.g. [1, 2] ).
Step 4 (passing to the limit). Let {ζ k } be a countable dense subset of (M 2 ). Estimate (22) 
Step 5 (proof of (i)). From (16) 
where u m is P m u, etc. In the course of proof and in the Lemma 1 we have shoved that: 
Properties of Gevrey class solutions
It is shown in [12] 
Since the asymptotic behavior of solutions on these nodes fixes the asymptotic behavior of whole solutions they have been called the "determining nodes." However, this result does not say if these nodes determine instantaneously the values of u(x, t) in the whole domain. In general there is no reason to believe that the behavior of solution in the transient period of time is determined by a finite number of parameters.
In this section we show that the nodal values determine uniquely the elements of the global attractor A ν r , provided that we consider a flow driven by forces and moments belonging to a Gevrey class. We prove the existence of a set of instantaneously determining nodes that is the set of k points x = {x 1 , . What we need is the existence of the global attractor and the estimate of its fractal dimension. The former was proved in [11] and the latter in [12] . The fractal dimension of the global attractor A ν r is estimated by
for an appropriate constant c. Now we have everything we need to prove the following theorem. 
